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INVESTIGATIOES GF TUfELIXG CEAEACTERISTICS OF A 1/20-SCALE 

The tumbtiw charecter is t ics  of 5 1/2C)-scale none1 of‘ the 
Northrop N-94 airplme have been deteminerl ?.n tho L a g l e y  2O-foot 
free-spinning  tunnel fo r  var io lx~  ccnfipnzt iona anC- loadirq conrlitione 
of the model. The hves t iga t ion  included t e s t s  t o  determine whether 
recovery from a t m b l e  coulri be effecke3 by the use of p e r a d n t e s .  
An estlmati,on of  the forces due t o  e c c e l c 3 t b n   a c t i n g  on the pilot 
durinq a tumble w88 d o .  Tne tests weye gorfcirned a t  an equivalent 
t e s t  a l t i t ude  of lLs,@OC feet. 

The resrlts of the model t e a t s   b d i c a t e  that  if the  sirplane 
is s ta l led  w+.th its nom up an3 near t h 4  vei*ticLI., or‘ i f  an 
appreciable mount of pi tching  rotat ion f a  imgozted t o  the airplane 
as th-rc- *the action  cf a stmr,g p t ,  t h e  airplme will eitker 
tumble cr osc i l l a t e  in pitsh thmu&h a r m ; e  of angles of the od-er  
of  XI^. The’ normal flving csntrole w t ~  probably be ineffective 
in  preventing  or i n  terminating the tmn3lm mt?.on. The r e su l t s  
of the model tests ineicate that Beflecticn ci’ the landing flaps 
full down lmnerliately upon the initfatton of pftching  rotation will 
tend to  prevent the development of a a t a t e  of tumbling equilibrium. 
The eSnuLtsneou8 opening of two 7”foot  d f m t e r  p~rachtltee haviI;e; 
arag ccefficients of  0.7, on6 parac3r1te attach& to t h e  r e a r   y o r t i m  
of each wing t i p  with a towline betwoen 13 mc! 30 f e e t  long, will 
provide recomm froa a ttrmble. The accelarations x t h G  cn the 
pilot during a ttnable VflL be dcm~wmus. 
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of these desi@ modtficatione on the tumbling characteristics of the 
model. The effect of l n e t a l l i q  various amounts of h o r i z o n t a  area 
on a boom rearward of the madei waa investigated and test8 were 
performed t o  determine whether recovery frmn a tmble could be 
effected by the um of parachutes. ApprcxLmste calcdatimo were 
made of the forces  that would be actiw on the' pilot's hesd when the 
airplane ie t a b l i n g .  

b wing men, feet 

C wing chord a t  m y  s ta t ion  along t he  span 

E mew s e e a m i c  chord, feet 

X/c' ratlo of d i e t a x e  of cezlter of gravity rearward of 
leai !hg edce of mem serodynemic chord t o  mean 
aerodpmic chold 

z /e ra t io  of d i s t a c e  between center of gravity and mot 
chord l ine to mean ael-odynamic chord (positive 
:hen center of grftvitr is below m o t  chord 1Fne) 

9 

acceleration due to gravity,  approximately 32.2. fes t  
per secona 

P a h '  density, slug per cubic foot 
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In order t o  determine whether the model would stop turmbling a c e  the 
tumbling motion  had been started, the model was launched into the 
tunnel by hand with either positive  or  negative  pitching  rotation. 
The tumbling tests In which the model waa released without rotation 
were a r b i t r a r i l y  performed at & constant  tunnel  airspeed of approxi- 
matly 75 fee t   per  second and those in which the model was launched 
with  rotation were a r b i t r a r i l y  performed at a conatant airspeed of 
approximstely 65 feet per second. The i n f t i a l  pitching ro ta t ion  
imparted to the  model f o r   t h e   t e s t e  i n  which it was launched with ' 

rotat ion was suff icfent  t o  tumble the r!zof-el through one t o  three 
complete revolutions. For the casea in wkich the modo1 would 
tumble, it could make only f ive t o  six complete  trmbles before 
traveling  across the tvllnel ani h i t t i n g  the safe ty   ne t  on the 
opposite side. 

Motion pictures  uere taken of the t e s t e  BCI t ha t  a study could 
be W e  of the motion of the madel during t h e  tmble and, for those 
casee  for  xhich the model would not trmble, of' the motion a f t e r  
launching. An a p p r o x d t i o n  of the ver t i ca l  r R t e  of deacent of the 
mael during a tumble was deterninec-l from film  recorda of  the t e s t s  
anc" from tho  tmnel airspeed. The camera sped   be ing  known, the 
appwent   ver t ica l   ra te  of descent waa deteidned from the number of 
frames of' film Fn t.ihicb the model mcveci a cer ta in   ver t ical   d ia tance 
i n  the  tunnel. This  apparent  vertical   rzte of descent w&9 added $0 
the tunnel  sirspeed to give an approximation of the   ver t ica l  rate 
of  descent of the model d u r a &  the tumble. An apTroximation of the 
horizontal component of velocity during a tmtle ~ras obtained from 
the  film  recorils in a manner similar t o  that for the verticaL 
component . 

The model m a  launched in to  t h e  tunnel with Initial posit ive 
p2tching  rotation  for  the tests made to determine whether recoveq 
from a tumble could be effected by the w e  of  pmachutes. The 
parachutes were opened f o r  recovery approximately two complete 
tumbles after the model was launche3.  For some of the t e s t s ,  
p8rachUteB ins ta l led  on both wing t i p s  were opned  simulteneously 
whereas for other t e s t s  only the parachate 011 one -9 t i p  was 
opened. "he parachute8 were installed on the  model as deecribed 
in  reference 1 f o r  the spin tests. The pzints  of Ettachmnt f o r  
the parachute  towline8 a r e  & o m  in  ffgurs 8. 

PRECISION 

The meaeurement of the rate of rotat ion and of the vertical 
an8 horizontal velocity components of t h e  path of the model while 
tumbling m8 believed t o  be accu=ate within limits of t5 percent 
and *lo percent,  respectively. 
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of preliminary tests indicate3 that bGth m2ele h d  aimllar tumbling 
character is t fcs .  The reeul t s  are presented herein therefore without 
regard  to   the  par t icular  mdel wed. 

Interpretat ion of Result8 

Inesmuch as no data on the tmb l lng  of fu l l - s ca l e   a i r c ra f t  are 
available,  the acctrracy of predicting airylane tumbling  chwacterfstics 
from model d a t a  l e  mbown. In applyir-g the  mock1 results t o  the 
full-scele airplane the following interpretat ion h e  been glaced on 
the r e su l t s  from different  nethods of lamch- the model. 

When launched into  tunnel,   ei ther :.rftll or without i n i t i a l  
pitching  rotation, the model e l the r  woulrl o r  w v l d  not tumble. If 
the moilel tmbled w i t h  e i t he r  nethod of l m n c h t n ~  it was W e n  a8 
an indication  that  the corresponding airplane co-d.8 tumble, 
altl.rou& the airplane  probably vmiL8 be nore l i k 3 u  t o  tumble i f  
the model s t a r t e d  ttrmbling when leunched w i t h  no- ?itching  rotation. 
If the model sto?geC tumbling &ter .being Iamchee w2th i n i t i d .  
pftching  rotation, t:m resu l t s  were i n t e r g x t e 6  t o  mean that the 
corresponding airplane woulcl ngt tumble. 

Clean Configwatten 

F l igh t   t e s t  conclition nu@er one.- In genex-d, the model 
continued to ttmble when latll;cfie3. with either i n i t f a l   n e g t i v e  
o r  w s i t i ~ r e   ? i t c h b g  rotation regm-rlless oI' elevon  deflection 
( tab le  IV-A) thereby in+icq,tiag  that elevon -le?lection had no 
apgreciable  effect  an the tmbling c h ~ r a c t e ~ l s t f c s  of the model. 
Fo? a typica l   tmble ,  the ver t i ca l  cornpsnent of velocity wae 
approximately 150 f e e t  per second, full sca le ,  %\e horizontal 
component of' velocity w m  Etppmximately 7'5 Seat per eeconii, fu l l  
scale, an5 the rate of rotat ion wa8 appmxlmately 1 -8, full =.de. 
The ccmponents of velocity a"? the rete cf =.ottticn -<.rere cktaiKec2 
f r G m  the film L-ecolr2s as ?:-ev:ously 'lescr*fle?. en? are shown 
Kra9hically on figure 10. 

\Then released f r c m  a nose-up vertical attitur?e (table V-A), 
the rncdel sometimes starterf t o  tumble and ct other tFmes osc i l la ted  
in   p i t ch  through a range of approximately f120° measured f r o m  the 
nose-9own positfon. These osc i l la t ions  appeared t o  be only 
lightly dmped before the model reached the sa fe ty  net at  the 
bottom of the tunnel. Figrres 11 &dl 12  me repi-oductfons of 
motion-picture  records of a typicel  tumble and of  a typical  
osc i l la tory  motion, respectively, men the model released 
from a v e r t i c d   a t t i t u d e  xith i t s  nom up. It appears from the 
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reeults of these t e s t e  that  thelairplane mey s t a x t  t o  tumble if it 
i e  stelled with i t a  nose Up near the vertical or if it .is f'omad 
into a nose-up att1tud.e by a st- w t .  . .  

The model dived into the safety net  with oeci l la t ione in pitch 
of the order of f15O when.released frm an attitude with i t a  n o ~ e  
approximatsly 700 below the horizontal ( t ab le  V I - A )  . \%en t h e  model 
n e  released, from a horizontal attitude ( tab le  VI-B), 1% made one or 

. tm osci l la t ions  in pitch of approximately f40° &.then dived with 
the Oeoilla-bicmS rapidly dimfnlehine Fn amplitude. The IWtfOn of' 
t h e  mdel when impelled. into the tunnel w i t h  the m a e  of the-model 
sliqhtly $bow the horlzontal (table VII) wa8 generally similar'to 
t h a t  when it W&E releaeed f r o m  a horizontal attitude. Fmm the . . 
results o f . t h e . k e t s . w l t h  these latter three types of launchings, 
it appears t ha t  -the airplane will not start tumbling when it- fs 
atalled with its nose slightly above the horizontal. or  when It l e  
i n  a dive. 

Inaemuch as the model did not stsi-t tumbling f o r  t h e  clean 
c&igurat$on, flight t e a t  condition number one, as previously 
msntianed, when it M ~ B  released f m  a horizontal at t i tude,  wken 
it was released with its nose 70° below the horizontal, o r  when 
it was impelled i n to  t h e  t tbnel  wlth fts nose el'imtly above the 
horizontal, it m e  b e l i e v d  that, the model also would not tumble 
for any of the remalnfng configwrationa and l O a d h @ 3  on the test 
program when I t  waB launched In any of these three manners. These 
methode of lamching, therefore, vere not employed for the remainder 
of the test program.- . .  

Equivalent f in  ef fec t  of'prope1le~e.- The results of the teete 
w i t h  propeller; simulated h i c h  a r e  presented on tables IV-B am€ V-B 
were generally eFmilar t o  thoae obtained wtthout t h e  pmpeller fin 
area and thereby inaicate that the frzl ef fec t  of the propellere 
was not euff ic ient ly  Large to appreciably effect  the tumbling. 
characterletice of the model. 

Center of gravity forward.- The r e su l t e  presented on tables IV-C 
and V-C indicate that movement of the center of gravity 5 percent of 
the mean aeroayrmaic chord forwaxd of nollldal had a somawhst 
beneficial ef fec t  on the tumbling chmacter ie t ics  of the nodel. 
Vhen hunched w i t h  initial newtive pitching rotation (nose down), 
the model usually stopped tumbling atld mule two oercillatlons i n  
pitch  of,appIpx,imatelg .C1200 &ter which t he  oecillatione started 
to damp out e No appreciable effect of center-of-bavi ty   locat ion 
w&s noticed, hovever, when the m3el wae launched wtth Initial - 

poetfive pituhing rotation. F.Jhen releaeeR fnrm a ver t lca l  attitude 
with its nose up, the model osci l la ted in a miner general13 
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afmilar  to  that  previously  de8cribeli for launching8 with i n i t i a P  
necative  pitching moment. It is believerl that the  bcressecl 
ten3ency of the model t o  tar"  ~5th the  center of Gev i ty  f o r w d  
can be a t t r ibu ted   to  the increase in longitudinal stability 
associated with the fo lwad mvem2nt of t 3 e  center of  gravity. 

9 

I n s t d l a t i o n  of =-percent epen ami l izzT leading-edge' slsta 
had l i t t l e  effect on t h e  tumbling chafacterist icB when the model' 
was launched with i n i t T d  pi+,cking rotat ion.  (See table  IV-0.) 
\.%en the model was releasad a t  a v e d i c a l  a t t i t ude  with I ~ B  nose 
up, however, the tendency of the mdel t o  stert t - m b l b g  w a s  
diminished and t he  cllrplitude of the  osci l la t ions in Fitch Y ~ B  
decreased.  (See table V-D.) Lna tLl la t icn  of 35-nerc5zt span 
auxiliary  leeding-edge slate had a so3lcwhe.t Eeneficlal effect on 
the tumbling c h a a c t e r i s t f c s  of the model i n  that   the  model 
wuld not now continue  tmbltag &ter  Seing lailnchod wfth initial 
negstive  pitching  rotatioz when the s t i c k  w2s back. (See table IT-E.) 
There was also a rer?.uced tendency for the  model to continue 
trnbling vhen the   s t ick  -ms fcrwm. f o r  launchfngs with e i the r  
initial.  nsgative or  povitiva  gltchinq  rotation. The re su l t s  on 
teble V-E a b 0  ahow t h a t  f o r  1wxchii-1ga fron a nose-up ve r t i ca l  
attitxde, the mf-el edllbl-ked l e s s  t edsncy  t o  t a l l e ,  and the 
osc i l la t ions  in pi tch ~3mpzr2 OCG mor6 rapit?ly when the  35-percent 
span a la t e  w e ~ w  inat.alled than when the model vas fn the ori@..nd. 
configuration. 

XB-35 Type Sglit Rudders InstXLled 

33-10 r e su l t s  on table TV-F show t5at inetallatian of the W-35 
type s p l i t  rudders  ha2 no apgrecieble  effect on the tmbliw 
chmacter i s t ics  of the model wf_cn launched with initial pitching 
rotat ion.  A somewhat favorable  effect  of F n s t d l h g  the s p l i t  
rudciers was coticect wkes "&e model m a  rsleaued fzom a ve,"tical 
attitude wi th  its nose up i n  tha t  the m d a l  genordly would not 
now t w b l e  (See table  V-F. } 

Landin& Ccnf ip-a t ion  

The r e su l t s  obtained Kith the model in the lmcling configwa- 
t ion  ( landing gear extended,  l.mding flap8 50° dawn, and pitch 
f l aps  26O up) were generally afnzilar to. those fo r  the clean 
configwstion when the model was launched  wlth e i the r  posftive o r  
negative initial pitching rotatfon. (See t ab le  SV-G.) A favorable 



effec't,of the landing configuratian was observed, however, when the 
model was released A.am a nom-up ver t ical   a t t i tude.   For  t h i 8  
l a t t e r  'type of launch-, 'the model mad6 one or two O S C i ~ t i O n 8  . 
i n  pitch  of the order of *:120* a f t e r  which the oscillations  dmped 
out and the model thsn dived to   the  esfety net. (See tabla  V-G.) 

Tests were next performed t o  ascertain the contribution of the 
1andln.g flaps,  the  landing gear, . a n d  the pitch flaps In preventing 
the  model frm tmbling, and In redming the amplitude of the 
osc i l la t ions  in pitch, when releasecl from a nose-up a t t i t ude  in We 
landing configmation. The reeul te  of t hem  t e s t s  are presented 
on table V-H thmugh V-IC and Indicate that the deflection of tbe .. 
landing flap8 w m  t h e  main fac tor  In preventing the establishment 
of a s t a t e  of ttanbling equilibrium and of reducing the amplitude of 
the  oElci~lations i n  pitch when the model was in the landing 
conf iguration . 

Horizontal Area .lhstalled R e m  of the Model 

Instal la t ion of horizontal area rearward of the model. had a 
beneffcial  effect on the tvrmbling characteristic6 of the mudel- .  
t'hen launched xith either Ini5ial. positive or negative  pitching 
rotat ion with horizontal area sq-ad t o   e i t h e r  10 percent or  t o  
5 percent of the wlnC tuea Lmtalled on a boom rearward of the- ' 
model, the model &upped tum;ilFnQ;, made two o r  W e e  oscil lationa.  
in pitch of rapidly d k d n i e h i ~  amplitude, and then dive+ t o  the 
safety  net  f o r  all stick - *eel psi t ionrJ .  (See table IV-E and 
IV-I.) Ins ta l la t ton  of h o r f z m t a l  area equal. t o  2 percent of the 
wing mea, however, had no appreciable ef fec t  on the trrmbling 
chmacter ie t ice  of t h e  mdel when the model w a ~ l  launched with 
initial pitchlng mtatim. (See table IV-J .) 

The model would not atart tmlling wben released from a 
noee-up ver t ica l   a t t i tude  when any one of the three previouely 
mentioned horizontal mea6 were installed. (See table  V-L, V-M, 
and V-N.) After  release fram the  nose-up attitude.,  the &el .made 
two or three oec i l l a t iom in  pitch of  diminfahing amplitude and 
then dived dawn into t he  safety ne t ,  The reduced tmdency of  the 
model t o  tumble and to oeci l la te  i n  pftch  wlth  horfzontal area 
installed mey be explained on the basis of m inc:.waae in 
longitudinal stabil i ty  contributed by the horlzantal area. 

PEirachutes 

The r e d t e  of  t he   t e s t s  porfonnea t o  determine whether the 
tmbling rotation could be etopped by opening parachutes are 



plleeented on table m. It was found tha t  when parachutes attached 
to   the   f ixed   por t ion  of the w i n g  between tlse pftch f laps and the  
elevom were opened, the towlines and gamc3utee wrapped around the 
wing and the model continued  ttaibling. Izlasmuch as Soth relatively 
ehoh (2.5 f e e t  fuI.1 scale)  an^ r s l ~ t i v e l y  long (30.0 f e e t  
8 ~ d . 0 )  towlines were tested, the r e a u l t s  indicate that pzzzchutee . 
w i l l  probe3ly be entirely inaffoctive in sto?ping the tumbling 
ro ta t ion  regardlsee of' towline lengtl; when the towlines are attached 
inboard of the extreme viing tip. When a '+foot full-ocale para- 
chute was attached t o  each -dng a t  the extreme t i p  with either a 
10- o r  a 3 b f o o t  full-ecale tcwlize, the model stopped t m b l i n g  i n  
one t o  one aztd waif rotatione after efmui$amous oponiag of 
both parachutes.  After the  t m b 3 . i ~ g  r95atiorr etopped, the model 
osc i l la ted  In pitch a-,proximately 290' measwed from the nose-down 
posit ion uti1 e t r ik ing  tb eaf'ety  net. I.umcch as it was Dm- 
viously 19Cicatod that W m-1 stepped  oocillating and then 
dtved w3en ie was released from a hor imnta l  atC,ituie, it appars 
that the oscil lationa ir, pi tch  obtained after the parachutes 
stopped the tm3l ing   ro t a t ion  on th4 mob1 can be eliminated on 
the airplane by mleatilng the pcachu tes  after the tu=b35li9g 
ro ta t ion  has def in i t e ly  bsen stop-;;sd. A motion-picttl-e record of 
a typical recovery from a ttn's2.e by the cab of parauhdtea attached 
t o   t h e  wing "ups is reprodtlccC a& figwe 13. The modal sometimes 
stoppod t m b l i n g  and som+uim+.8 ccn-Lir,usd tux3lLng when o d y  the 
parachute attasjsd t o  o m  'tip vae openad f o r  recmery. It 
a p p o w ~ ,  therefore, thet i n  c ~ e r  t o  a86ure cessa t ios  of the ' 

t m b l i n g  robat-ion by the use  of pa-ackxLes, parachutes on both 
wing t i p s  should be opened eln.cltan*oualy. 

Prevention aud Termination of Tmbling 

The results presented  herein ahar that the normal f ly ing  
controls of the Northrop N+2! airplane w f l l  probably be ineffective 
fn proventing or  in termina+,ing khg tm311ng rotation. It has 
been indicated, hawever, C,h% iieflection of the landing flaps 
full dc-m bofore the tuI;iSling rc+,akion has been eeta3lished may 
prevent t b  dsve1opun-t of a &hie t u m l f z g  co,?-dLtion. 

The resulta pmsented hsrein ham also shmm that tP;e &lr- 
plane prob&ly will slot &art tmbli-?g sese it ie titslled at a 
nearly vert'lcal attitude with its coae t ~ p  or  l e  forced  into a 
tumble, as by a strong gust. It ie rec?m.w,rilsd therefore t k t  
care  be exercised when maneuveriq to avoid stalling the  airpl.=ne 
with i ts  nose up near the ver t ica l .  If the airplano is t o  be 
flown throslgh maneuvers In which the nose becomes nearly v e r t i c d ,  
tt is recmgnded *hat parachubs be i=rstalled f o r  emrgency 
recovery from a tumble. A 13atisfactory parachute  installation 





4. Ins t a l l a t ion  of a horizontal t a i l  of the order of 5 percent 
of the wing area rearvard of the airplane will provent the airplane 
from tumbling. 

5. !Rs tendency of the airplazle t o  tumble and t o   o e c i l l a t e  in 
pitch w i l l  not bs  aa greet w h m  the c o l t e r  of grav:tg i e  forwerd 
approxii3ately 5 percant of tho man aerodynamic chord a8 when t2e 
center of gravity 5s In it13 nard locat'or fur flight t e s t  condition 
number one. The tendency of tho airplan+ t o  tmble will a l e 0  ba 
reduced w'nen loa95.nwdga e k t s  m a  installed. 
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Length over all. f t  . . . . . . . . . . . . . . . . . . . . .  17.78 
Propellers. tme . . . . . . . . . . . . . . . . . . . . . .  Pushar 
Propellere. diameter. f t  . . . . . . . . . . . . . . . . . . .  7.00 
Propellers. nmber . . . . . . . . . . . . . . . . . . . . . . . .  2 
Propellers. blafiee cjn each . . . . . . . . . . . . . . . . . . . .  2 

tTinq : 
S P ~ .  ft . . . . . . . . . . . . . . . . . . . . . . . . .  ..OO 
Are%. aq ft . . . . . . . . . . . . . . . . . . . . . . . .  h9.0 
Scctim.  root . . . . . . EACA.65. 3.019 
Scctfon. t f p  . . . . . . . . . . . . . . . . . . . .  NACA.~~. 3.018 
Tsrist. tip l e d k g  edse down. deg . . . . . . . . . . . . . .  4.0 
Dihedrd. 25 percent chord line. deg . . . . . + . . 2.0 
 spectrat tic . . . . . . . . . . . . . . . . . . . . . . . . .  7.4 
T a p r r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  4.0 
Sveepbeck. 25 percent chord line. deg . . . . . . . . . . .  21.9 
Xean  e e m f i u w c  chord. i n  . . . . . . . . . . . . . . . . .  109.8 
Lezdbg ec2ge of mezn aeyammic c:?cra rem=.-.& of 

lead-irq edge of rmt chor.4, in . . . . . . . . . . . . . .  69.7 
Elevons : 

Chcrd rearwwd of' hinge lfne. ft . . . . . . . . . . . . .  1.57 
Span. percent of wing span . . . . . . . . . . . . . . . . .  33.6 
Area rem& of h a e  line. pexen t  of s e a  . . . . .  6.5 

Pitch flaps: 
Chord. percen+, of wing chord . . . . . . . . . . . . . . . .  24.2 
Span. percent of v ing apen . . . . . . . . . . . . . . . . .  23.6 
Area r e m m i  of hinge  line. pexen t  of whg area . . . 3 . 1  

Scoop md!iers: 
Span. percent of' wing span . . . . . . . . . . . . . . . . .  21.5 

Landing f l s p s  : 
Span. percent of wing men . . . . . . . . . . . . . . . . .  35.3 
Total ~J'BS. percent of 6% erea . . . . . . . . . . . . . .  10.1 
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Figure 2.- A --scale model of the Northrop N-9M airplane as tested 1 

20 
in the 20-foot free-spinning  tunnel in the clean configuration. 
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Figure 3.- A ---scale model of the Northmp N-9M airplane a s  tested 

in the 20-foot free-spinniIg tunnel in the Wing conpigmation. 
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N-9M RUDDER CONTROLS 
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Fig. 8 

FICURE8.- LOCATION OF THE POfNTg OF TOWLINE 
ATTACHMENT FOR THE PARACHUTE TE.STS ON 

A 20 - SCALE MODEL OF THE NORTHFOPN-~M 

AIRPLANE 
NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 



** NACA FUJI No. L6L10 Fig. 9 



e .  e .  
.me. 

r e  

* y e :  0 NACA RM No. L6L10 

e em.... e .  

CONFIDENTIAL 

Fig. 10 

CoNFIDENT'AL COWWITTEE FOR AERONAUTICS 
NATIONAL ADVISORY 



NACA RM No. L6L10 - Fig. 11 

Figure 11.- Typical tumble of the =-Scale models of the Northrop N-9M 1 

airplane when released from a nose-up attitude. Clean configuration, stick 
ful l  back, wheel neutral, scoop rudders and pitch flaps neutral. Camera 
speed, 64 frames per second. Velcxity of airstream, approximately 75 feet 
per second, full-scale. mtloyy C O Y Y T r n  1011 

Lylour y L W I A L  U R Q l W T l t U  L-TORY - LINGLEV FIELD. VA. 
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Figure 12.- Tgpical oscillatory motion of the --scale 1 m d e l s  of the Northrop 
N-9M airplane when released from a nose-up attitude. Clean configuration, 
stick neutral,  wheel  neutral, scoop rudders and pitch flaps neutral. Camera 
speed, 64 frames per second. Velocity of airstream, approximately 75 feet 
per second, full-scale. 
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Figure 13.- Typical action of parachutes in producing recovery  from an 
established tumble on the l - sca le  models of the Northrop N-9M air- 

plane. Clean  configuration, stick neutral, wheel neutral,  scoop rudders 
and pitch flaps neutral.  Camera speed, 64 frames per second.  Velocity 
of airstream,  approximately 85 feet per second, full-scale. Towlines 
attached to rear portion of wing tips. Parachute  diameter, 7 feet full-  
scale. Parachute drag coefficient, approximately 0.7. Towline length, 
10 feet full-scale. n & T ~  .DHIoR* -ILL FOR M m  

20 - ~ ~ w r y  u m  *uowrvnuL uy)rurom - L U G L E V  FIELD V 4  



L 

L. 


